Testosterone deficiency syndrome (TDS) is characterized by clinical signs of testosterone deficiency such as decreased libido, erectile dysfunction, reduced muscle mass and strength, increased body fat, and depression, accompanied by a reduction in total testosterone (TT) levels below 12 nmol/l or free testosterone levels below 72 pg/ml.
The exclusion criteria were as follows: serum prostate-specific antigen levels exceeding 4 ng/ml, prostate cancer, prostatic hypertrophy, breast cancer, hematocrit levels exceeding 52%, renal failure, liver failure, severe heart failure (classes II-IV according to the New York Heart Association Functional Classification), untreated sleep apnea, diabetes mellitus, a cardiovascular event in the past 6 months, symptomatic carotid and peripheral atherosclerosis, previous stroke, atrial fibrillation and other arrhythmias on electrocardiogram (ECG). The characteristics of the study groups are presented in TAbLE 1. None of the participants previously received testosterone or other hormonal agents. They were not taking drugs that affected the activity of the autonomic nervous system, including β-adrenolytics.
The MS+TDS+ group underwent testosterone therapy. They received Omnadren 250 (a mixture of testosterone esters) intramuscularly every 21 ±3 days for 9 weeks. The indication for supplementation, according to the International Society for the Study of the Aging Male, International Society of Andrology, the European Association of Urology, European Academy of Andrology, and American Society of Andrology recommendations, was the diagnosis of hypogonadism suitable for testosterone treatment given the presence of the signs and symptoms suggestive of testosterone deficiency (level 3, grade A).
1 Symptoms associated with hypogonadism included low libido, erectile dysfunction, decreased muscle mass and strength, increased body fat, decreased bone mineral density and osteoporosis, decreased vitality, and depressed mood. One or more of these symptoms must be correlated with a low serum testosterone level (level 3, grade A). 17 In the study, erectile dysfunction was evaluated on the basis of the International Index of Erectile Function survey. Testosterone replacement treatment is indicated in patients with serum TT levels below 8 nmol/l and in those with serum TT levels between 8 and 12 nmol/l and any of the hypogonadism symptoms.
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Holter monitoring was performed at baseline and at the end of testosterone supplementation. To exclude the effect of testosterone injections and blood sampling (HRV disturbing factor), 24-hour ECG recordings were performed in patients during normal activities: 1) 24 hours after blood sampling and 2) 21 ±3 days after the last testosterone injection. Serum testosterone levels were measured before and after treatment. Samples for TT determination were obtained during fasting between 8 a.m. and 9 a.m., considering the circadian pattern of testosterone excretion with the highest levels being excreted in the morning.
holter monitoring Holter monitoring was performed using the Aspect 702 recorder with a data sampling rate of 128 Hz (Aspel Zabierzów, Poland). Data were analyzed using an automatic computer system (HolCARD 24W, Aspel (HRV). HRV and its computed components are noninvasive, reliable, and popular indicators for assessing the activities of the autonomic nervous system and are used for indirect evaluation of autonomic functions. Decreased HRV has been recognized as a factor related to cardiovascular mortality, including sudden cardiac death in patients with ischemic heart disease, after myocardial infarction, with arterial hypertension, and chronic heart failure.
7-11 English et al. 12 reported that men with coronary artery disease and significant changes in coronary angiography had lowered testosterone levels compared with those with normal coronary angiography.
Wranicz et al.
13 demonstrated a positive correlation between HRV parameters that reflect the parasympathetic activity, mainly standard deviation of normal-to-normal intervals (SDNN), root mean square successive differences (rMSSD), percentage of the differences between the adjacent NN intervals that are greater than 50 ms (p50NN), and testosterone levels. Several other authors reported a direct effect of testosterone on sympatho-parasympathetic balance, suggesting the presence of testosterone receptors in the central nervous system and vasodilating effect of testosterone on the coronary arteries. 6 Receptors of this type have been detected so far in the brain of rabbits and some primates. 14, 15 The aim of this study was to evaluate the effect of testosterone supplementation on autonomic balance assessed by HRV in 24-hour Holter monitoring in men with MS and TDS. of the sympathetic nervous system, while p50NN and rMSSD were selected for the assessment of parasympathetic activity. 18 Low SDNN is associated with a high risk of hypertension and progression of atherosclerotic lesions in the coronary arteries after coronary artery bypass grafting. 19 This simple relationship has not been associated with any of the frequency domain parameters yet. However, there are data indicating the relationship between HF and the activity of the vagus nerve, LF and the activity of sympathetic and parasympathetic systems, while the ratio of LF to HF reflects the sympatho-parasympathetic balance.
20,21
statistical analysis A statistical analysis was performed using STATISTICA 8 PL (Stat Soft Inc.). Variable distribution was assessed by the Shapiro-Wilk test. Continuous variables were nonnormally distributed. We used the nonparametric Mann-Whitney U test for the independent variable and the Wilcoxon signed-rank test for dependent paired variables. To calculate the correlation between the variables in the two groups, we used the Spearman's rank correlation test. A P value of less than 0.05 was considered statistically significant. The results were presented as the median and minimum/maximum value. Zabierzów). Automatic detection of QRS complexes was performed. Data of insufficient quality were rejected, and electrocardiography was repeated. Automatic detection of QRS complexes was used. The HolCARD system allowed to calculate the basic parameters of HRV both in time and frequency domains. The results were verified by a cardiologist experienced in reading 24-hour ECG recordings. All subjects achieved satisfactory results. The parameters of HRV were analyzed according to the guidelines of the European Society of Cardiology.
7 Calculations were performed using fast Fourier transform. HRV parameters were determined during the entire 24-hour recording. The analysis included the following parameters: Of the time domain parameters, SDANN was considered the most suitable to assess the activity There were no differences between the MS+TDS-group and controls except for ULF, which was lower in the MS+TDS-group (TAbLE 2) . Testosterone supplementation resulted in increased SDNN and SDANN as well as TP, LF, VLF, and ULF although the values were not different from those observed in the MS+TDS-group. SDNN, SDNNI, SDANN, p50NN, VLF, and ULF were still lower compared with the control group. No such difference was observed for r-MSSD, TP, HF, and LF (TAbLE 2) .
There were no correlations between testosterone levels and the parameters of HRV, either in the time or frequency domains. During follow-up, no serious side effects were observed, including cardiovascular events or arrhythmia. Only a higher hematocrit level was reported (44.8% vs. 46.49%; P <0.05). None of the patients reached the upper limit of the reference range for prostate-specific antigen. No cases of prostate cancer were observed within 1 year after the end of testosterone replacement therapy. dIsCussION There have been few studies on the effects of testosterone on ECG parameters, especially those observed in 24-hour Holter monitoring. Most of these studies focused on the QT interval and changes depending on the concentration of testosterone in various disease states. [22] [23] [24] They demonstrated a significant effect of testosterone on the QT-interval shortening and changes in QT-interval dispersion. In this paper, we focused on the assessment of HRV that reflects the autonomic balance.
MS is a group of disorders that significantly increase the risk of cardiovascular diseases and their complications. One of the most common REsuLTs There were no differences between the MS+TDS+ and MS+TDS-groups in terms of the mean age, body mass, BMI, WC, systolic and diastolic blood pressures, fasting blood glucose, lipids, blood cell count, and creatinine, both at baseline and after treatment. Serum TT levels are presented in the FIGuRE.
All time domain parameters were lower in the MS+ TDS+ group compared with the control group (TAbLE 2) .
There were significant differences between the MS+TDS-group and controls in SDNN, SDNNI, and SDANN (TAbLE 2) . Except for the LF/HF ratio, there were significant differences in frequency domain parameters between the MS+TDS-group and healthy controls, and the parameters were lower in the MS+TDS+ group compared with controls.
TP, HF, and LF were lower in the MS+TDS+ group compared with the MS+TDS-group (P = 0.009, P = 0.007, and P = 0.019, respectively). a before vs. after treatment, b P <0.001 compared with controls, c P <0.01 compared with controls, d P <0.05 compared with patients before treatment, e P <0.05 compared with controls parasympathetic activity, may significantly contribute to the reduction of mortality, especially from severe arrhythmias and sudden cardiac death. It is assumed that testosterone supplementation may also have a positive effect on other cardiovascular risk factors associated with the predominance of the sympathetic nervous system and numerous other metabolic disorders, although it does not completely reduce associated risks. Further studies are necessary to establish the optimal duration of testosterone supplementation and to assess its long-term safety. During testosterone replacement therapy it is particularly important to monitor the safety of treatment. However, there is no evidence indicating that it may increase a risk of prostate cancer or its hypertrophy, or that it may enhance the transformation ofsubclinical prostate cancer into clinically evident forms. Nonetheless, it was confirmed that testosterone may stimulate the progression of existing, locally advanced cancer or metastatic prostate cancer. 1 A statistically significant increase in hematocrit levels was noted in treated patients. However, it did not result in significant polycythemia. In the group of treated men, there was no case of prostate cancer or an increase in prostate-specific antigen levels above the upper limit of the reference range. Therefore, testosterone replacement therapy appears to be safe and potentially beneficial in reducing cardiovascular risk in men with MS and TDS.
In conclusion, the present study confirmed that patients with MS and TDS have significantly lower HRV parameters compared with healthy subjects. A 9-week testosterone supplementation therapy can improve disturbed HRV parameters and restore their levels to those observed in healthy men. Our study suggests that testosterone supplementation therapy, with its beneficial effect on HRV, might reduce the cardiovascular risk in men with hypoandrogen-metabolic syndrome.
REFERENCEs abnormalities affecting men with MS is further deficiency of testosterone. TDS itself is an independent risk factor for cardiovascular diseases. 2,25 Abnormal regulation of the autonomic nervous system in both disorders has been reported. 5, 13 This is one of the mechanisms of increased risk for dangerous arrhythmias and overall cardiovascular morbidity and mortality. Our results confirmed that HRV parameters are significantly lower in patients with MS compared with healthy men, especially SDNN, SDNNI, SDAN, and ULF. 26, 27 This was observed despite the fact that we excluded patients with diabetes and included patients with prediabetes (impaired fasting glucose or impaired glucose tolerance or both). Diabetes is known to be the major cause of autonomic dysfunction associated with abnormal HRV parameters. In our study, significantly lower values of HRV parameters were obtained in men with TDS, both in time and frequency domains. This is consistent with the study by Wranicz et al., 13 who reported lower values of time domain parameters (SDNN, SDNNI, SDANN, rMSSD, and p50NN) in patients after myocardial infarction and with low testosterone levels. Moreover, testosterone levels correlated positively with the above parameters of HRV. Similarly, Doğru et al. 28 reported a reduction in HRV parameters related to the parasympathetic system (HF, p50NN, rMSSD) along with a decrease in testosterone levels. Our study also demonstrated lower values of those parameters in men with MS and TDS, but we have not identified correlations between testosterone levels and HRV parameters. An increased risk of cardiovascular and coronary heart disease in men with MS and TDS is also indicated by lower SDNN, TP, and HF values. This is in line with the findings of the ARIC study, in which the reduced value of SDNN was correlated with a higher incidence of ischemic heart disease in patients with arterial hypertension (one of the components of MS).
19 Lower values of TP and HF correlated with a higher incidence of other cardiovascular risk factors such as fibrinogen or elevated norepinephrine, as well as with high incidence of diabetes. 29 This was particularly true for men with reduced testosterone levels. All the above findings were confirmed in our study. Regarding the LF/HF ratio, we did not find any significant differences between the study groups, which might result from a small number of the patients. The issue requires additional research on a larger study group.
Testosterone supplementation in men with MS and TDS did not result in increased incidence of arrhythmias, including ventricular arrhythmia, which supports the findings of Wranicz et al. 13 The improvement of the majority of HRV parameters in patients with MS and TDS (although not all parameters reached the levels observed in controls) might suggest a reduction in cardiovascular risk in those individuals. However, the risk may still remain higher than in healthy individuals. The improvement of the function and regulation of the autonomic system, including increased 
